Purpose. The article presents problem of the influence of local inhomogeneities of ground on the internal forces in the steel pipe. Methodology. The authors presented the differences in the distributions of earth pressures for the pipes. One of the most common methods is the microtunneling technology. The examples of numerical analysis by finite element method (FEM) have been calculated. Findings. The results of numerical analysis are presented for selected ground conditions and the distribution of internal forces in the flexible section of the steel pipe is also shown. Originality and Practical value. The obtained results clearly show the influence of flexural rigidity of the pipe on the internal forces, the influence of flexural rigidity and the soil stiffness on the size of the bending moments in the steel of pipe jacking. They depend on the interaction of soil -steel pipe.
Introduction
Modern technology construction method of underground pipelines enables building of sewer pipelines for lengths of over 500 m. It is possible to make this without disturbing the existing infrastructure. One of the most common methods is the microtunneling technology. This technology allows drilling the microtunnel hole by drilling machine where, after loosening the soil with highpressure water, excavated material is transported to the surface of the ground. The pipe jacking is pressed in place of the removed soil. This technology and the various methods of calculation are given in the book [6] and in the article [10] . Microtunnel execution is preceded by the construction of the starting shaft and receiving shaft. Before the implementation of microtunnel the full recognition of geological and engineering on the planned route should be performed. Unfortunately even that it is not possible to provide all the possible complications you may encounter during the implementation of the collector using microtunnelling. Commonly used methods of static analysis jacking pipes describe the most common situations without considering exceptional situations such as the heterogeneity of ground. Such situation is considered by the authors of the study. The analysis is made for partially realized microtunnel with a total length of 300 m. The steel pipe has a diameter of 2 000 mm and thickness of 12 mm. Steel pipe will be a protective tube for the pipeline made under the river leading to a large sewagetreatment plant.
Physical model. In this article an influence the heterogeneity of soil and a flexural rigidity of the pipe on the bending moments where presented. In order to solve this problem, it was divided into two stages. The first stage estimated the force on the pipe jacking and the second stage included the analysis the heterogeneity of soil on bending moments. The problem is shown in Fig. 1 .
The loads acting transversely to the axis of the pipe. Modern analysis of static tunnels needs to determine static scheme including the interactions between the soil and pipe jacking. It is important to choice the characteristics of elastic microtunnel structures and to determine geotechnical parameters of soil medium. Microtunnel in selected crosssections is considered. In order to perform the analysis the following two distinctive sections were chosen (Fig. 2) .
On the basis of guidelines [1] , [5] the load diagram of the steel pipelines for a microtunnel was adopted which is illustrated in Fig. 3 . According to various proposals the width of the solid ground was determined. It was a load on the pipeline. The load induces a state of stress in the walls of the pipe. It should be noted that the drilling of microtunnel change the state of stress in the ground. This was confirmed by the research field and the numerical calculations. During the drill microtunnel occurs reduction of the load ground on the pipeline. This is a consequence of loosening the soil in the area of vaults and transfer loads to the ground on both sides of the pipe. This phenomenon was studied among others by Terzaghi and Houskawa based on the theory of the silo. The necessary condition to reduce the load is large vertical deformation in the key course. Using appropriate technological solutions in the implementation of microtunneling seeks to reduce the vertical movements to a minimum, which results in that only a small portion of the angle of internal friction is mobilized in the plane of shear. It is known that already at 10% of the value of the vertical movement is mobilized half of the angle of friction. This phenomenon allowing appoint an increased load on the ground in areas of the lateral pipe. According to silo theory (Terzaghi) ' 0,5 δ = φ ⋅ was accepted. The results of calculating the width of the ground solids of different proposals was illustrated in Fig.  4 . The values of the vertical and horizontal loads were calculated according to the following relationships.
Vertical load acting on the ground pipe Fig. 3 . The load diagram of the pipelines microtunnel by [5, 1] Where: γ -volume weight of soil overburden conductor; κ -reduction factor taking into account the stress distribution after completing of microtunnel; h -thickness of the soil on the pipeline.
The reduction factor κ from the expression was determined:
where K1 -coefficient of earth pressure on the wall of the silo, K1≅1,0; 3
The horizontal earth pressure at the height of the key course of the pipe was calculated by the following expression: 
and t is the wall thickness of the pipe, r m -radius in the middle of the wall thickness, E p is the modulus of elasticity of the pipe material, E s -the modulus of elasticity of soil. A common approach are the guidelines contained in the ATV 161 E [1] , so for numerical analysis the width of the ground solid b = (3) 0.5 × d a was assumed. The load on the Terzaghi assumptions is shown below (Fig. 5) . In the analysis the distributions of internal forces for the various static diagrams were compared. The loads for different schemes are shown below (Fig.6, 7) . 
Findings
Internal force diagrams for different schemes are shown below (Fig.8) . The results were compared to the values calculated according to [1] , which is presented in Table 1 .
The presented results of calculations have shown that there are large differences in the values of the internal forces determined on the basis of proposals from different authors and they cannot be directly compared. Differences result directly from the assumptions regarding the scope and distribution of elastic supports describing the interaction of soil -pipe. The consequence of these assumptions is the distribution of soil along the perimeter of the steel tube, which also generates different distributions of internal forces. In order to verify the above conclusions, numerical analysis using finite element modeling system and geotechnical calculations Sofistik -Talpa [16] were performed. Numerical model was made in the plane strain. The calculations were made in several stages the state of stress and strain as the initial condition for the next stage of the calculation. The model of Coulomb -Mohr's with non-associated flow rule in plasticity was calculated. For the analysis, the following parameters were taken: angle of internal friction of soil φ = 31 o , cohesion c u = 0 kPa, the volume density of soil γ = 18,5 kN/m 3 . In the contact zone of the soil -pipe, special contact elements were used which were assigned a variable coefficient of friction. Contact elements do not carry the tensile forces. In order to take account of the effect of a breach in the soil zone drilling area, the model is divided into various material parameters. It allowed to map the loosening of the soil and its effect on the internal forces in the cross section of the pipe. Table 1 The bending moments in the pipe jacking In Fig. 10 one can see that the internal forces are significantly different from the values determined by guidelines [1] . We can conclude that the graph of internal forces has a similar distribution as in the proposal Hevetta. In the case of the analysis the flexural rigidity of the pipe is very important. In order to grasp this fact, numerical analysis controlling two parameters was made. First parameter was the change of modulus of elasticity in the zone of potential loosening of the soil and secend parameter was the change in the flexural rigidity of pipe. For the analysis of the interaction pipe -soil has been introduced a replacing flexural rigidity of the pipe as a function of strain. Vertical displacement of the pipe was calculated by the theory of second order. It was shown in the Fig. 13 . The obtained results clearly show the influence of flexural rigidity of the pipe on the internal forces. The bending moments in the steel pipe with the wall thickness between 12 mm -35 mm are quite different. They are much smaller than the value calculated on the basis of the guidelines [1] . The formulas for the bending moments in [1] are independent of the deformability pipe.
Conclusions
The obtained results showed the influence of flexural rigidity and the soil stiffness on the size of the bending moments in the steel of pipe jacking. They depend on the interaction of soil -steel pipe. On the basis of Fig.14 with the modulus of elasticity of the soil Es = 50 MPa, the increase of the bending moment in the key course of the pipe is practically not variable independently of the wall thickness of the steel pipe. A similar example was found for bending moments in the side wall tunnel (Fig. 15) . The construction steel pipe jacking behaves quite different, when the modulus of soil Es is smaller (Es = 25 MPa). The increase of the bending moment in the key course according to the rigidity of the tube can be up to 15% (Fig. 14) . In the case of the increase of the bending moment side wall, it may be as high as 41.5% (Fig. 15) .
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